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© A silicon-on-insulator MOS transistor (200) is dis- 
closed that has an implanted region (32) of the same 
conductivity type as the body underneath one or 
both of the extended drain and source portions (26) 
of the drain (24) and the source (23) with and without 
a BTS contact or a general body contact. With only 
the pocket implants, the back gate threshold voltage 
is enhanced to reduce the possibility of back gate 
current flowing. With the pocket implants and a body 
contact, the floating body effects are minimized. Due 
to the BTS contact being located as far into the 
source as the pocket implant extends, negligible 
impact is made on the device channel. Ohmic con- 
nection between the source and the body is made 
for example by way of sHicidation. 
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BACKGROUND OF THE INVENTION 

Silicon-on-insulator (SOI) technology is becom- 
ing of increasing importance in the field of in- 
tegrated circuits. SOI technology deals with the 
formation of transistors in a layer of semiconductor 
material which overlies an insulating layer. A com- 
mon embodiment of SOI structures is a single 
crystal layer of silicon which overlies a layer of 
silicon dioxide. The invention to be disclosed here- 
in is applicable to all forms of SOI including 
stacked as well as single layer structures. High 
performance and high density integrated circuits 
are achievable using SOI technology because of 
the reduction of parasitic elements present in in- 
tegrated circuits formed in bulk semiconductor. For 
example, for an MOS transistor formed in bulk, 
parasitic capacitance is present at the junction be- 
tween the source/drain regions and the underlying 
substrate, and the possibility of breakdown of the 
junction between source/drain regions and the sub- 
strate regions also exists. A further example of 
parasitic elements is present for CMOS technology 
in bulk, where parasitic bipolar transistors formed 
by n-channel and p-channel transistors in adjacent 
wells can give rise to latch-up problems. Since SOI 
structures significantly alleviate parasitic elements, 
and increase the junction breakdown tolerance of 
the structure, the SOI technology is well-suited for 
high performance and high density integrated cir- 
cuits. 

This invention applies to transistors built on all 
forms of Silicon On Insulator including, for exam- 
ple, heteroepitaxy, such as SOS, beam recrystal- 
lization, epitaxial lateral overgrowth, lateral solid 
phase epitaxy, and single silicon separation (e.g. 
SIMOX and FIPOS). 

The underlying insulator film in an SOI struc- 
ture presents certain problems relative to the tran- 
sistor characteristics, however. In bulk transistors, 
electrical connection is easily made via the sub- 
strate to the body node of an MOS transistor. The 
relatively fixed bias of the body node provides for a 
stable threshold voltage relative to the drain to 
source voltage. However, conventional SOI transis- 
tors have the body node (i.e., the undepleted vol- 
ume within the body region underlying the gate 
electrode) electrically floating, as the body node is 
isolated from the substrate by the underlying in- 
sulator film. Under sufficient drain-to-source bias, 
impact ionization can generate electron-hole pairs 
near the drain which, due to the majority carriers 
traveling to the body node while the minority car- 
riers travel to the drain, cause a voltage differential 
between the body node and the source of the 
transistor. This voltage differential lowers the effec- 
tive threshold voltage and increases the drain cur- 
rent, exhibiting the well known "kink" effect. The 



"kink" effect is exhibited in the l/V characteristics 
of transistors by an actual "kink" in the curves. 

Furthermore, the structure of the SOI transistor 
presents a parasitic "back channel" transistor, with 

5 the substrate as the gate and the insulator film 
underlying the transistor as the gate dielectric. This 
back channel may provide for a drain-source leak- 
age path along the body node near the interface 
with the insulator film. In addition, the dielectrically 

w isolated body node allows capacitive coupling be- 
tween the body node and the source and the drain, 
and diode coupling between the body node and the 
source and drain, to bias the body node and thus 
affect the threshold voltage. Each of these factors 

75 can contribute to undesirable shifts in the transistor 
relative to design, as well as to increased instability 
of the transistor operating characteristics. 

It is therefore an object of this invention to 
provide an insulated-gate field effect transistor 

20 formed in semiconductor region overlying an in- 
sulator, having reduced resistance from body con- 
tact to remote regions of the body. 

It is also an object of this invention to provide 
an insulated-gate field effect transistor formed in 

25 semiconductor region overlying an insulator, having 
a higher back channel Vt while maintaining desired 
front channel characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

FIG. 1 is a cross sectional view of a conven- 
tional SOI MOS transistor. 

FIGS. 2 and 2a are cross sectional and plan 
views of a prior art source to body contact SOI 
35 MOS transistor. 

FIGS. 3 and 3a are cross sectional and plan 
views of an SOI MOS transistor according to the 
invention. 

FIGS. 4 and 4a are cross sectional and plan 
40 views of an alternate embodiment of an SOI MOS 
transistor according to the invention with BTS con- 
tacts. 

FIG. 5 is the silicon on insulator starting wafer 
that this invention embodies. 
45 FIG. 6 illustrates the SOI transistor constructed 

according to this invention after the mesa has been 
formed post patterning and etching of the silicon. 

FIG. 7 shows the SOI transistor constructed 
according to this invention after the gate oxide has 
so been deposited on the mesa. 

FIG. 8 shows the SOI transistor constructed 
according to this invention after the gate electrode 
has been formed. 

FIG. 9 illustrates the SOI transistor constructed 
55 according to this invention during the implantation 
of the lightly doped source and drain extensions. 

FIG. 10 illustrates the SOI transistor construct- 
ed according to this invention during the implanta- 
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tion of the "pockets" lying directly underneath the 
source and drain extensions. 

FIG. 11 is the SOI transistor constructed ac- 
cording to this invention after the sidewall oxide 
filament layer has been deposited. 

FIG. 12 is the SOI transistor constructed ac- 
cording to this invention after the sidewall oxide 
filament has been etched. 

FIG. 13 is the SOI transistor constructed ac- 
cording to this invention after the source and drain 
implants have been made. 

FIG. 14 is the plan view of the contact from the 
edge SOI transistor embodiment. 

FIG. 15 is a cross-sectional view of an alternate 
embodiment of an SOI MOS transistor according to 
the invention with recessed pocket implants. 

FIG. 16 is the plan view of an alternate embodi- 
ment of an SOI MOS transistor according to the 
invention with recessed pocket implants. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The floating body node of SOI transistor 100 
presents certain problems in the performance, and 
performance stability, of the transistor. A first prob- 
lem is the problem of a parasitic "back channel" 
transistor, having substrate 20 as a gate electrode 
and insulator film 21 as the gate dielectric. This 
back channel may provide for a drain-to-source 
leakage path along the body node 22 near the 
interface with insulator film 21, depending upon the 
local potential of substrate 20 at the transistor 
location. In addition, it is well known that the volt- 
age of body node 22 will effect the threshold 
voltage of the transistor. While in bulk devices the 
MOS transistor body nodes are biased by the 
substrate, the dielectrically isolated body node 22 
of transistor 100 of FIG. 1 allows capacitive cou- 
pling between body node 22 and gate electrode 
27, and diode coupling between body node 22 and 
source and drain regions 23 and 24, to bias body 
node 22 to an undesired potential. Furthermore, 
impact ionization occurs when carriers near the 
drain are at a sufficiently high potential that 
electron-hole pairs are created. Due to minority 
carriers traveling to the source while the majority 
carriers travel to the drain, these electron-hole pairs 
cause a voltage differential between body node 22 
and source region 23, lowering the effective thresh- 
old voltage and increasing the drain current(i.e., the 
well known "kink"effect). 

One way to make contact between the source 
and body is to highly dope a contact region 25 of a 
conductivity type opposite that of the source and 
drain adjacent to the body node 22. Contact to the 
surface of region 25 will then make contact to the 
body node. If the contact region is on the source 



side of the gate electrode as shown in Figure 2, 
then the body node can be connected to the 
source node by silicidation of the surface as de- 
scribed below. This is referred to as a body-tied-to- 

5 source (BTS) contact. If not connected to the 
source region by silicide, this contact region (25) 
can be used as a general body contact. Through- 
out the remainder of the Figures, like reference 
numerals will be used to refer to like elements as 

to used in the conventional transistor 100 of Figure 1. 
The contact region may be formed by known tech- 
niques, such as implant and diffusion, in a self- 
aligned fashion after the provision of side-wall fila- 
ments along the side of the gate 27, extending 

75 below the lightly doped drain region 26 on the 
source side of the transistor. The source region 23 
and the body node contact region 25 can then be 
connected together by way of silicidation at the 
surface 28 of the structure, thereby connecting the 

20 source region to the body node. Although the body 
voltage is controlled at the points where the body 
contact implants are in the transistor, there is resis- 
tance to other parts of the body. 

Another method of body contact is tank forma- 

25 tion of the transistor where the tank surrounds the 
source and drain wells and makes contact to the 
body. 

The present invention, does not require addi- 
tional area and actually reduces the resistance 

30 across the width of the channel. The following 
discussion refers to an SOI type transistor. It will 
be appreciated by those skilled in the art that the 
instruction is applicable to a broad variety of SOI, 
for example, heteroepitaxy, such as SOS, beam or 

35 laser recrystalization, epitaxial lateral overgrowth, 
lateral solid phase epitaxy, polysilicon, bond and 
etch back, and single silicon separation (e.g. 
SIMOX and FIPOS). This invention is also ap- 
plicable to other semiconductor materials, e.g. Ge, 

40 on insulator. As shown in FIGS. 3 and 3a, an SOI 
transistor 200 formed with a heavier dose of an 
implant of the same conductivity type as the body 
type underneath the source and drain extensions 
26 in the body 22 of the device. The pocket 

45 implants 32, traverse the full width of the device as 
shown in Figure 3a, reducing the resistance from a 
body contact across the width of the device. The 
drain and source extensions 26 are not shown in 
the view of Figure 3a, in order to show the pres- 

50 ence of the pocket implants 32. 

One embodiment of the invention is to lightly- 
dope the drain extension 26 and deliberately ex- 
tend the LDD (lightly-doped drain) and the pocket 
implant 32 at the same time to effectively lengthen 

55 the back gate channel. The longer the channel, the 
less likely the back gate channel will conduct. It is 
desirable to maintain a low front gate threshold 
voltage to achieve maximum current drive capabil- 
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ity, while it is also desirable to maintain high back 
channel Vt to minimize leakage, especially with 
radiation. By pocketing the heavy doping of the 
body underneath the drain extension, the low front 
gate threshold voltage is maintained while the back 
gate threshold voltage can be increased. In order 
to further reduce the influence of the pocket im- 
plant on the front channel characteristics, the pock- 
et implant can be recessed relative to the source 
and/or drain extension as shown in FIG. 15. FIG. 16 
shows the plan view of the transistor as construct- 
ed in FIG. 15. The sidewall oxide filaments are not 
shown in FIG. 16 to illustrate the LDD (26) and 
pocket implant (32) orientations. 

If a body-tied-to-source contact (BTS) 35 is 
dispositioned between the LDD 26 and the pocket 
implant 32 on one side and the source 23 on the 
other side and composed of the same conductivity 
as the pocket implant, through silicidation 28 on the 
surface, contact between the body and the source 
can be made reducing floating body effects. Tran- 
sistor 300 is shown in FIG 4. Since the contact 
region is of the same conductivity as the body 
node, a non-rectifying ohmic contact is made be- 
tween source 23 and body 22 nodes of the transis- 
tor. Dispositioning the BTS contact deep into the 
source region, as made possible by the extent of 
the pocket implant, will also help keep the contact 
from affecting the channel. This structure can also 
be used for general body contact (i.e. not tied to 
the source) if the surface is not silicided. In this 
structure, the source extension can be made longer 
than normally used for LDD in order to more fully 
remove the surface contact from the channel. 

A third embodiment is the masking of at least a 
portion of the pocket implant to the pocket on the 
source side only whereby extra heavy doping could 
be used to the point of creating a leaky source- 
body junction. The leaky junction would effectively 
insure control of the body voltage through the 
source effecting the reduction in floating body ef- 
fects. 

Contact from the edge, as shown in FIG. 14, is 
another embodiment and method of controlling the 
body voltage. The n/p + region lying on either side 
of the gate electrode represents the LDD region 
(26) towards the top of the transistor and the pock- 
et implant (32), lying directly underneath the LDD, 
towards the base of the transistor. The body is 
elongated at the edge of the transistor and a con- 
tact is made to the body. This can be used wheth- 
er the body is tied to the source or to an external 
voltage. 

Referring now to figures 5 through 13 transistor 
300 constructed according to the preferred em- 
bodiment is illustrated. FIG. 5 shows the basic 
silicon-on-oxide starting wafer consisting of a sili- 
con substrate and a P doped, of a first conductivity 



type, silicon layer, 20 and 50 respectively, sepa- 
rated by an insulating oxide layer 21. FIG. 6 is the 
result of patterning and etching the silicon layer 50 
to form the mesa 60. FIG. 7 illustrates the applica- 

5 tion of the gate oxide 70 prior to the deposition, 
pattern and etch of the gate 27 as shown in FIG. 8. 
FIG. 9 illustrates the implantation of lightly doped 
phosphorus source and drain 26a which will be- 
come the lightly doped source and drain exten- 

70 sions 26, LDD, doped with a second conductivity 
type, N + . Next, implantation of a deep boron 
"halo" of a first conductivity type, P + , creates high 
concentrations of P+ in the source and drain re- 
gions as shown in FIG. 10. This dopant defines the 

75 conductivity type of the pocket implant. It should 
be noted that areas which will become the source 
and drain regions will be counterdoped in later 
steps with a dopant of the second conductivity 
type. FIGS. 11 and 12 illustrate the subsequent 

20 steps of depositing and etching the conformal 
sidewall oxide 80 to form the spacers used to mask 
the pocket implantations 32 and the lightly doped 
source and drain regions 26 from the deep source 
and drain implantations. FIG. 13 completes the 

25 doping with the implantation and annealing of 
heavy concentrations of the second conductivity 
type, N + , in the source 23 and drain 24 regions 
which effectively defines the LDD 26 and pocket 
implantations 32. Conventional metallization pro- 

30 cessing follows forming the contacts. It should he 
understood that the specific species P + and boron 
are used as an example. Other species or com- 
bination of species can be used. For example, the 
P + can he replaced by arsenic or a combination of 

35 arsenic and phosphorus. Also, the complementary 
structure can be accomplished. 

Claims 

40 1. A field effect transistor formed in a semicon- 
ductor layer overlying an insulating film, com- 
prising: 

a body node portion of a first conductivity 
type and having first and second sides; 

45 a drain region and a source region formed 

in said semiconductor layer, said drain and 
source regions being of a second conductivity 
type, said drain and source regions disposed 
adjacent said body node portion and at least 

50 one of said source and drain including a por- 

tion extending towards said body node portion; 
and 

a pocket implant of said first conductivity 
type extending from said body node portion 
55 and lying underneath the extended portion of 

at least one of said drain and source, said 
pocket being more heavily doped than the said 
body node portion; 
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a gate electrode overlying said body node 
portion. 

2. The transistor of Claim 1 wherein a pocket 
implant lies underneath the extended portion of 
both the drain region and the source region. 

3. The transistor of Claim 1, wherein said ex- 
tended drain and source portions are lightly 
doped drain regions (LDD) of the same con- 
ductivity type as the drain and the source. 

4. The transistor, of Claim 1 , wherein the source 
side is pocket implanted of the same con- 
ductivity type as the body, with a sufficient 
dose to create a leaky junction between the 
source and the body. 

5. The transistor of Claim 1, wherein the source 
side is pocket implanted and there is a BTS 
contact of the first conductivity type in the 
source region, adjacent to the pocket implant 
of the body and the source extension on one 
side and the source region on the other, ex- 
tending to the surface of the semiconductor 
layer of the mesa such that silicidation on the 
surface of the mesa can connect the source to 
the body node. 

6. The transistor of Claim 1, wherein the source 
side is pocket implanted and there is a BTS 
contact of the first conductivity type in the 
source region, adjacent to the pocket implant 
of the body and the source extension on one 
side and the source region on the other, ex- 
tending to the surface of the semiconductor 
layer of the mesa such that some voltage may 
be applied to the body. 

7. A method of fabricating an integrated circuit in 
a semiconductor layer overlying an insulating 
film, comprising the steps of: 

patterning and etching of a mesa from a 
starting SOI wafer; 

depositing of a gate oxide layer over the 
mesa; 

depositing, patterning and etching of the 
gate electrode; 

light doping of said source and drain re- 
gions of a first conductivity type; 

heavy doping of the source and drain re- 
gions with a dopant of a second conductivity 
type; 

depositing and etching of conformal 
sidewall oxide; 

doping source and drain regions with 
heavy concentrations of a dopant of a first 
conductivity type; and 



deposition of the metallization contacts. 

8. The method of Claim 7, wherein said doping 
steps comprise: 
5 implanting dopant ions of said first conductivity 

type and of 

said second conductivity type; and 
annealing to diffuse the implanted ions. 

w 9. A field effect transistor formed in a semicon- 
ductor layer overlying an insulating film, com- 
prising: 

a body node portion of a first conductivity 
type and having first and second sides; 

75 a drain region and a source region formed 

in said semiconductor layer, said drain and 
source regions being of a second conductivity 
type, said drain and source regions disposed 
adjacent said body node portion and at least 

20 one of said source and drain including a por- 

tion extending towards said body node portion; 
and 

a pocket implant of said first conductivity 
type extending from said body node portion 
25 and recessed relative to the extended portion 

of at least one of said drain and source, said 
pocket being more heavily doped than the said 
body node portion; 

a gate electrode overlying said body node 
30 portion. 
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